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... e.g. DVD involves applying coating containing color 
forming material to readout area; exposing to wavelengths; 
^curing coating in readout area(s) and selectively exposing 
to another set of wavelengths 

■Abstract (Basic) : 

forming ntaterial to readout area of optical media; exposing the 
coating to first set of wavelengths; curing coating 
applied upon at least one readout area and selectively exposing 
portion (s) of layer (s) of coating in pattern for recording marking into 
coating using a second set of wavelengths substantially separate 
from first set of wavelengths. 

••• one readout area of the optical media; a first light source for 

exposing (CI) to wavelengths of light capable of curing 



(CI) upon the at least one readout area; a unit for creating an image 
of . . . 

...2) a system (S2) for applying a color coating (C2) containing a 
photocurable component sensitive to a first set of 
wavelengths and a photosensitive color forming component 
sensitive to a second set of wavelengths substantially separate 
from the first set of wavelengths to the readout area of an 
, optical media comprising: a unit for applying (C2) , to... 

. ... optical media; and a light source for exposing the coating to the first 
set of wavelengths; 

( • • • 

...an image of the marking; and a light source for producing the second set 
of wavelengths and exposing at least a portion of the coating to 
the image for recording the... 

...source for exposing the at least one color forming layer to a first band 
of wavelengths to cure; a second light source for 
selectively exposing at least a portion of the at least one 
color forming layer to a second band of wavelengths for 

recording the marking into at least one color forming layer, a unit for 
applying. . . 

...light source for exposing the at least one overcoat layer to a third 
, band of wavelengths for curing the at least one overcoat 
layer; and. . . 

...5) a computer program stored on computer readable media 

comprising: a set of instructions for operation of a system for 
producing optical... 

..".a readout area of * the optical *media; exposing the coating to a first set 
of wavelengths; curing the coating applied upon the at 
least one readout area; and selectively exposing portions of the 
coating in a pattern for recording the marking into the coating by 
using a second set of wavelengths substantially separate from 
the first set of wavelengths. 

Technology Focus: 

layer of the optical media, and further involves applying at 
least one photoabsorptive material. The curing step is carried 
out in an environment comprising an inert gas. The first and second set 
of wavelengths comprises wavelengths above 370 nm, and 
between 270 - 320 nm, respectively. The step of selective 
exposure involves using a photomask and/or a direct writing laser. The 
method further involves... 

...one color forming layer; and exposing the overcoat layer(s) to a third 
band of wavelengths for curing the overcoat layer... 

...the marking; or an electronically programmable photomask for forming an 



image of' the marking. The wavelengths produced by the first 

light source are substantially separate from that produced by the 

second light source. At least one of the first and second light sources 

comprises a* wavelength filter (preferably a wavelength 

cutoff filter rated for wavelengths between 340 - 370 nm) . (SI) 

comprises an optical media replication system, and further comprises a 



...inspection station for inspecting the quality of at least one of the 
substrate, coating, the curing of the coating and the marking in 
the coating; and a system controller for operating... 

...overcoat layer(s) exhibit a high degree of optical density at the second 
band of wavelengths. 

. . . POLYMERS - . . . 

... .methyl 

3- (3- (2H-benzotriazol-2-yl) -5-tert-butyl-4-hydroxyphenyl) propionate and 
PEG (polyethylene glycol) 300, linear or branched 
2- (2H-benzotriazol-3-yl) -6-dodecyl-4-methylphenol, 2. . .include 
instruction for operation of at least one of the inspection station, 
spin coating s.tation, curing station or the marking station. 

.".Title Terms: WAVELENGTH; 

Manual Codes (EPI/S-X) : T01-J07B. . . 
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(57) ABSTRACT 

Disclosed herein is a system for recording a marking in the 
readout area of an optical media, wherein the marking does 
not interfere, or substantially interfere, with the readout of 
data from the optical media. The system disclosed herein is 
supportive of commercial production requirements. Mark- 
ings may contain content as desired by the user of the 
system, including text, graphics, or other items. The marking 
is formed in a photosensitive coating that is applied to the 
optical media, and then cured with a first light. A second 
light, having a substantially separate band of wavelengths 
from the first light, is used to image a marking into the 
coating. The coating is robust to many external influences, 
such as ambient environmental conditions, and physical 
wear. 
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benzotriazol-2-yl)-6-dodecyl-4-methylphenol; 
l^^hydroxy-S'methacryloxyethylpheny^-lH-benzotriaz- 
ole; 2,2 , -dihydroxy-4-methoxybenzophenone; 2-Hydroxy- 
4-n-octoxybenzophenone; and, octyl methoxycinnamate. 

16. The system as in claim 1, wherein the system com- 
prises an optical media replication system. 

17. The system as in claim 1, wherein the format of the 
optical media comprises one of DVD 5, DVD 9, DVD 10, 
DVD 18, DVD-R, DVD-RW, CD-Audio, CD- Video, CD-R, 
CD-RW, CD-ROM, CD-ROM/XA, CD-i, CD-Extra, CD- 
Photo, Super- Audio CD, Blu-Ray, Mini-Disc and a hybrid 
format. . 

18. The system as in claim 1, wherein the applying unit 
comprises at least one spin coating station. 

19. The system as in claim 1, wherein the image creating 
unit comprises a photomask comprising an image of the 
marking. 

20. The system as in claim 1, wherein the image creating 
unit comprises a direct writing laser for forming an image of 
the marking. 

21. The system as in claim 1, wherein the image creating 
unit comprises an electronically programmable photomask 
for forming an image of the marking. 

22. The system as in claim 1, further comprising an 
inspection station for inspecting the quality of at least one of 
the substrate, the coating, the curing of the coating, and the 
marking in the coating. 

23. The system as in claim 1, wherein the coating is 
applied to one of the substrate layer, the reflective layer, and 
the protective layer of the optical media. 

24. The system as in claim 1, further comprising a system 
controller for operating the system. 

25. The system as in claim 1, wherein the marking 
comprises at least one of: text information, alphanumeric 
characters, symbols, graphic information, embedded infor- 
mation, a digital watermark and a covert marking. 

26. The system as in claim 1, wherein the marking 
comprises at. least one of identification information, authen- 
tication, information, instructional information, advertising, 
branding, and promotional information. 

27. A system for applying a color forming coating to the 
readout area of an optical media, the system comprising: 

a unit for' applying the color forming coating to the 
readout area of the optical media, the coating compris- 
ing a photocurable component sensitive to a first set of 
wavelengths and a photosensitive color forming com- 
ponent sensitive to a second set of wavelengths sub- 
stantially separate from the first set of wavelengths; 

a light source for exposing the coating to the first set of 
wavelengths. 

28. A system for marking the readout area of an optical 
media, the system comprising: 

a station for receiving the optical media, the optical media 
comprising at least a color forming coating disposed 
thereon, the coating comprising a photocurable com- 
ponent sensitive to a first set of wavelengths and a 
photosensitive color forming component sensitive to a 
second set of wavelengths substantially separate from 
the first set of wavelengths, a unit for creating an image 
of a marking; and, 



a light source for producing the second set of wavelengths 
and exposing at least a portion of the coating to the 
image for recording the marking into the coating. 

29. The system as in claim 28, further comprising a unit 
for applying an overcoat over the color forming coating. 

30. A method for marking a readout area of an optical 
media, comprising: 

applying a coating comprising at least one color forming 
material to the readout area of the optical media; 

exposing the coating to a first set of wavelengths; 

curing the coating applied upon the at least one readout 
area; 

selectively exposing portions of the coating in a pattern 
for recording the marking into the coating by using a 
second set of wavelengths substantially separate from 
the first set of wavelengths. 

31. The method as in claim 30, wherein applying the 
coating comprises spincoating the coating onto the optical 
media. 

32. The method as in claim 30, wherein applying com- 
prises controlling the temperature of the color forming 
material. 

33. The method as in claim 30, wherein applying com- 
prises controlling the viscosity of the coating. 

34. The method as in claim 30, wherein applying com- 
prises controlling the thickness of the coating. 

35. The method as in claim 30, wherein applying com- 
prises replacing a component layer of the optical media. 

36. The method as in claim 30, wherein curing comprises 
providing an environment comprising an inert gas. 

37. The method as in claim 30, wherein the first set of 
wavelengths comprises wavelengths above about 370 nm. 

38. The method as in claim 30, wherein the second set of 
wavelengths comprises wavelengths between about 270 nm 
to about 320 nm. 

39. The method as in claim 30, wherein selectively 
exposing comprises using at least one of a photomask and a 
direct writing laser. 

40. The method as in claim 30, wherein applying a coating 
further comprises applying at least one photoabsorptive 
material. 

41. A computer program stored on computer readable 
media comprising a set of instructions for operation of a 
system for producing optical media comprising at least one 
marking disposed upon the readout side of the optical media, 
the instructions for: 

applying a coating comprising at least one color forming 
material to the readout area of the optical media; 

exposing the coating to a first set of wavelengths; 

curing the coating applied upon the at least one readout 
area; 

selectively exposing portions of the coating in a pattern 
for recording the marking into the coating by using a 
second set of wavelengths substantially separate from 
the first set of wavelengths. 

42. The computer program as in claim 41 , wherein the 
instructions for operation are executed by a system control- 
ler adapted for controlling the operation of the system. 

43. The computer program as in claim 41, wherein the 
instructions for operation comprise instruction for operation 
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Photo curing Jight system for photosensitive , 
polymeric compounds, has microprocessor linked with 

intensity control module and lamp power supply to modulate intensity of 

light delivered- . . -sat 



Abstract (Basic) : 

A microprocessor (28) is linked with an intensity control 
module (32) and a lamp power supply' (14) to modulate the intensity of 
the light delivered to a polymeric compound by a lamp (16) . The 
digital signal of the microprocessor is converted into an analog 
signal in the intensity control module. The analog signal controls... 
. . An INDEPENDENT CLAIM is also included for a method of 

curing light sensitive polymeric compositions and 
reducing the heating effect to surrounding material... 

...For photo curing photosensitive, polymeric 

compounds preferably used in dental work or treatment... 

..^.Operates in wider light spectrum. Accommodates photo initiators 



having wide vari-ety of absorption bands. Minimizes heating of 
surrounding- material e.g. tooth structure, applied with photosensitive- 
polymeric compound . . . 

.The figure shows the block diagram of a photo curing light 
system. . . 

. Microprocessor ( 2 8 

.Title Terms: CURE; 



iiiiiiiiiyiiiiiiiiiiiiiiiiiiiiiijii 



(19) United States 

(i2) Patent Application Publication 



Gemunder et al. 



US 20020014864A1 

(io) Pub. No.: US 2002/0014864 Al 
(43) Pub. Date: Feb. 7, 2002 



(54) PHOTO CURING LIGHT SYSTEM HAVING 
MODULATED LIGHT INTENSITY CONTROL 

(76) Inventors: Elliot R. Gemunder, Dix Hills, NY 
(US); Hyeok-Jae (Daniel) Chi, 
Wheeling, IL (US) 



Correspondence Address: 
CLIFFORD G. FRAYNE 
Suite 7A 

136 Drum Point Road 
Brick, NJ 08723 (US) 



(21) Appl. No.: 09/861,735 



(22) Filed: 



May 21, 2001 



Related U.S. Application Data 

(63) Non-provisional of provisional application No. 
60/206,584, filed on May 25, 2000. 

Publication Classification 

(51) Int. CI. 7 H05B 37/02 

(52) U.S. CI 315/291; 315/149 

(57) ABSTRACT 
A photo-curing light system in which a modulation of the 
light intensity or output is controlled via an analogue control 
voltage to the control line output of the lamp power supply. 
The control signal results in the lamp current being reduced 
from its maximum value to a lower value on a continuous 
and repeated basis thereby modulating the light and reducing 
the heating value to surrounding material such as tooth 
structure during the curing process. 
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[0020] The electronic module 12 of the photo-curing light 
system 10 is comprised of a micro-processor 28 which is in 
communication .with a user interface 24, including an input 
pad 26 upon which the dentist or dental technician enters 
light intensity 'data- and/or time duration o'ata. A display 
device 30 displays the time and/or intensity. 

[0021] In operation, when the modulated light mode is 
selected, the inputted data via input pad 26 is communicated 
to micro-processor 28 and thence to an intensity control 
module 32 which in turn controls the lamp power supply 14 
and the amount of current transmitting to lamp 16 in order 
to obtain the intensity selectively inputted via input pad 26. 
The optics module 18 would contain the various filters 
presently used to reduce the heating effects from the infrared 
(IR). This unit may also include a memory chip 29 and a 
light sensor 34 for calibration. 

[0022] FIG. 2 illustrates the control mechanism for the 
lamp intensity. This circuitry provides for modulation of the 
light and thus the reduced heating effect when operating in 
a wider spectral range. The modulation is achieved by 
controlling the lamp current via an analog control voltage to 
the control line input of the lamp power supply. Micro- 
processor 28 generates a digital signal 51 which is then 
converted to an analog signal by means of a digital to analog 
converter integrated circuit 56. The analog signal 54 is in 
communication with a constant current circuit 58 having an 
amplifier integrated circuit 60 and transistor 61. The analog 
control signal 54 results in the lamp current 52 being 
reduced from its maximum program value to a lower value 
on a continuous and repeated basis resulting in modulation 
of the light output. 

[0023] The ratio of the time that the lamp current is at its 
maximum divided by the total time period of maximum and 
low lamp current (e.g. total exposure time) is defined as the 
duty cycle. Control of the duty cycle is also available 
through the user interface. The lower the duty cycle, the 
lower the temperature rise in the surrounding tooth structure. 
Control of modulation is achieved by adjusting the duty 
cycle and total time period to ensure that the lamp out put 
has sufficient time to reach its maximum and minimum light 
levels. 

[0024] FIG. 3 is a graph illustrating the present state of the 
art with a continuous light output at a particular intensity for 
a particular time period. FIG. 4 is a graph illustrating a lamp 
in which the intensity is modulated in accordance with the 
teachings herein. Clinical tests at the School of Dentistry of 
a leading University have shown that reduction of the duty 
cycle from 100% (no modulation) to 50% did not statisti- 
cally alter the conversion values at either the top surface or 
at a depth of 2 mm when using a 10 second exposure of 
composite Z-100 (A2). With a 50% duty cycle and a 5 



second exposure the conversion values were not statistically 
different at the top surface and only slightly lower at a 2 mm 
depth as compared to a 100% duty cycle. The addition of 
modulation at a 50% duty cycle reduced the intrapulpal 
temperature rise by approximate 27% for a 10 second 
exposure time. 

[0025] While the present invention has been described 
with respect to the exemplary embodiments thereof, it will 
be recognized by those or ordinary skill in the art that many 
modifications may be made without departing from the spirit 
and scope of the invention. Therefore it is manifestly 
intended that the invention be limited only by the scope of 
the claims and the equivalents thereof. 

We claim: 

1. An apparatus for curing light sensitive, polymeric 
compositions with a light source, an optical light guide 
system, a control unit for controlling the irradiation time, an 
input unit for inputting of the irradiation time by the user, a 
display unit for displaying the irradiation time set and/or 
remaining, a control unit for controlling the light output 
delivered by the light source, a light filtering system, and a 
means for modulating the light intensity delivered by the 
light source to the polymeric composition. 

2. The apparatus in accordance with claim 1 wherein the 
modulation of the light intensity is controlled by a micro- 
processor digital signal converted to an analogue control 
voltage in communication with the control line output of 
said light source reducing lamp current from a maximum 
value to a lower value repeatedly. 

3. The apparatus in accordance with claim 2 wherein said 
light intensity is modulated on a constant basis or on a 
stepped form basis by the control unit during an irradiation 
procedure. 

4. A method of curing light sensitive polymeric compo- 
sitions and reducing the heating affect to surrounding mate- 
rial utilizing a light source, an optical light guide system, a 
control unit for controlling the irradiation time, an input unit 
for inputting the irradiation time by the user, a display unit 
for displaying the irradiation time set and/or remaining, a 
control unit for controlling the light output delivered by said 
light source wherein said method comprises modulating said 
light source during the irradiation time by means of a 
microprocessor generating a digital signal convertible to an 
analogue signal by means of a digital to analogue converter 
integrated circuit, said analogue signal in communication 
with a constant current circuit having an amplifier integrated 
circuit and transistor, said analogue control signal reducing 
lamp current from its maximum value to a lower value on a 
continuous and repeated basis. 

***** 
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... using spatial light modulator to expose successive layers 
.of photo-polymer, resin in single shot 

...Abstract (Basic) :, a radiant energy source (12) of a wide beam of radiant 
energy of intensity and wavelength for curing a layer of 
photo-curable resin (16) contained in a vat. A spatial light modulator 
(SLM) (11) has an array of pixel elements (13) which are individually 
controlled by a computer (10), for modulating the radiant energy 
beam projected from the source on a pixel by. . . 

...the SLM (11), one at a time, onto successive layers of photo-curable 
resin for predetermined exposure times to form stacked laminate 
• of cured resin, each in the shape of a different 
cross-sectional laminae... 

...USE - Forming three-dimensional models from liquid photo-polymer. 
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Light curing system for polymeric 

materials, has computer control system for regulating production 
of exposure light based on selected modulation scheme and cured 
material 

Abstract (Basic) : 

selected intensities is generated at selected periods of time by 
a light producing device (2602) actuated by a power supply 
(2 601) . Generated light is manipulated by a wavelength 
separating, mixing and eliminating device (2603) . Power supply and 
device (2603) are controlled by computer control system (2605) 
to produce light based on selected modulation scheme and cured 
material. 

... a) Dental material curing system. . . 

\ . .b) Monomer material polymerizing system. . . 

...For curing polymeric materials used in dentistry... 

...Enables to cure dental materials quickly and to specific physical 
state and enables to tailor post cure properties of dental 
materials. Optimizes performance of dental materials for particular 
application environment, by curing techniques. Reduces capital 
investment cost of the equipment by using single light power source. 



Enables to obtain a cured dental material with desired strength, 
hardness, lack of brittleness and other properties. Minimizes shrinkage 
of dental material, during cure by using a suitable modulation 
scheme and produces flexible dental material having significant surface 
or. . . 

.The figure depicts the block diagram of the polymeric material 
curing system. . . 

.Wavelength separating/mixing/eliminating device (2603... 

.Computer control system (2605' 
.Title Terms: CURE; 
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(57) ABSTRACT 

A method and system are disclosed for curing polymeric 
materials including dental composites. Preferably, modu- 
lated light is used to control the formation of polymer chains 
in the polymeric material so that a cured polymeric material 
that has the desired physical characteristics for its intended 
function. Formation of short chain and long chain polymers 
from monomers in the polymeric material is initiated and 
controlled by using a light source with a wavelength suitable 
for one or more initiators found in the polymeric material. 

24 Claims, 14 Drawing Sheets 
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be applied using the inventive concepts. Further, only a few consisting of prisms, diffraction gratings, frequency multi- 
fields where the inventive concepts could be applied have plying crystals, lenses, mirrors, filters, acusto optic tunable 
been listed. filters and poly chromatic acusto optic modulators. 

While the present invention has been described and 6. A system as recited in claim 3 wherein said light source 

illustrated in conjunction with a number of specific * * capable of producing flight at more than lone frequency 

, j. « * « • « ... . \ A . A 7. A system as recited in claim 6 wherein said light 

embodiments, those skilled in the art will appreciate that refioing device ^ capaWc of mixing ^ of di£ferem wa ^_ 

variations and modifications may be made without departing lengths in predetermined percentages in order to produce 

from the principles of the invention as herein illustrated, as light suitable for exposure to a polymeric material contain- 

described and claimed. The present invention may be 1Q ing more than one initiator, 

embodied in other specific forms without departing from its 8 A system as recited in claim 3 wherein said modulation 

spirit or essential characteristics. The described embodi- scheme deludes adjusting light intensity and light duration 

ments are considered in all respects to be illustrative and not ov ^ r * irae " . , . , . - 

4 . 4 . . . r . j . j 9. A system as recited in claim 3 wherein said light source 

restrictive. The scope of the mvenUon is, therefore, indicated f A . c 6 . 

, , , . , , , , „ , , is capable of producing light of more than one wavelength 

by the appended claims, rather than by the foregoing 15 and wherein ^ modulation contro , tem fa capable * of 

descnption. All changes which come within the meaning selectively providing light of different wavelengths to said 

and range of equivalence of the claims are to be embraced light delivery device. 

within their scope. 10. A system as recited in claim 3 wherein said modula- 

What is claimed is: 2Q tion scheme includes varying light intensity according to a 

1. A light curing system for light curing of composite predetermined waveform. 

materials comprising: 11. A system as recited in claim 3 further comprising a 

a. a li^ht power supply which utilizes electrical power to plurality of said light delivery devices so that light from said 
. generate voltage and current at appropriate levels for source can be provided to multiple remote locations at 

use in the 'light curing system, . 25 tne same time. 

b. a light producing device configured to receive and 12 . A s y stem for curing dental materials, the system 
utilize voltage and current from said light power comprising: 

supply, said light producing device being capable of a - at least one source which produces raw light of at 

producing light at selected intensities for selected peri- least one wavelength suitable for curing a dental 

odsoftime, 30 material, 

c. a wavelength separating, mixing and eliminating device b - a P° lv chromatic acusto optic modulator capable of 
capable of receiving fight from said light producing causing raw light from said light source to be processed 
device and manipulating said light into a format for into a format suitable for curing a dental material, 
exposure to a polymeric material, c . a delivery device capable of receiving light from said 

d. a delivery device capable of delivering light manipu- 35 poiy chromatic acusto optice modulator and delivering 
lated by said wavelength separating, mixing and elimi- sa id light to a remote location for exposure to a 
nating device to a remote location for exposure to a polymeric materials, 

polymeric material, and , , A , t . , , 

d. a light modulation control system which modulates said 

c. a computer control system which controls said light Ught accordin tQ a predetermined light modulatioD 

power supply and said wavelength separating mixing 9dmt 5ased 0Q the cured polymeric material 

and eliminating device to produce light according to a 13 A system ^ redted in daim n wherem said modu . 

selected modulation scheme based on the cured com- lation tem directl controls emission of light by said hgh{ 

posite material. source 

2 A system. as recited in claim 1 wherein said light 14 A t em as recited in claim 12 wherein said poly 

producing device is a laser. w . . , , . . 

*' a * c ■ c i . chromatic acusto optic modulator operates in conjunction 

3. A system for light curing of polymeric materials . 4 . . , ,!1 . . * , 
comprising- mirrors and diffraction gratings to format light to be 

a. a light power supply which supplies power for use by provided to said delivery device. 

a light source* 15. A system as recited in claim 12 wherein said delivery 

, ». . « • « * *i • «• ■, i • * 50 device comprises a structure selected from the group con- 

b. a light source which utilizes power supplied by said ... f , r . n . . C1I , ■ • . 

to , . j sistmg of glass fiber, a fluid-filled waveguide, a beam 

power supply to produce raw light, „ * f . , . , ' . , . & 

1 , \r ; F . 6 ' splitter, a photo diode, a muror and a lens. 

c. a light refinmg device capable of receiving light from 16 A system as recited in claim 12 wherein said measur . 

said hght source and manipulating said, raw fight into a ing delivery device provides a feedback signal to said 

format suitable for exposure to a polymeric material, 55 modulation system in order to permit said modulation sys- 

d. a light delivery device capable of receiving fight from tem to accurately control light modulation. 

said light refining device and delivering said light to a 17. A system as recited in claim 12 wherein said poly 

remote location for exposure to a polymeric material, chromatic acusto modulator device is used to facilitate 

aQ d elimination of unwanted wavelengths of light. 

e. a light modulation control system which modulates said 60 18. A system as recited in claim 12 wherein said modu- 
light according to a predetermined light modulation lation scheme includes adjusting light intensity and light 
scheme based on the cured polymeric material. duration over time. 

4. A system as recited in claim 3 wherein said light 19. A system as recited in claim 12 wherein said modu- 
refining device includes at least one filter to eliminate lation scheme includes varying light intensity according to a 
unwanted wavelengths of light. 65 predetermined waveform. 

5. A system as recited in claim 3 wherein said light 20. A system as recited in claim 12 wherein said poly 
refining device includes at least one structure from the group chromatic acusto modulator is capable of mixing light of 
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different wavelengths in predetermined percentages in order 
to produce light suitable for exposure to a dental material 
containing more than one initiator. 

21. A system for polymerizing a material containing 
monomers, the system comprising: 

a. a light source that can produce raw light of at least one 

wavelength suitable for curing a dental material, 
b: a light delivery device capable of receiving light from 
said. light source and delivering said light to a remote 
•location, . 

c. a light refinirlg system capable of modifying charac- 
teristics of said light in order to produce light in a 
format more -suitable for exposure to the material 
containing monomers than said raw light, and 

d. a light modulation control system which modulates said 
light according to a predetermined light modulation 



52,013 Bl 

28 

scheme based on the polymerizing material in order to 
control polymerization of the material containing 
monomers. 

22. A system as recited in claim 21 wherein said light 
5 delivery device comprises a doped fiber optic which causes 

wavelength multiplying of light which passes through it. 

23. A system as recited in claim 21 wherein said light 
delivery device comprises a fluid-filled waveguide which 
eliminates certain wavelengths of light produced by said 

10 light source before the light reaches the material containing 
monomers. 

24. A system as recited in claim 21 wherein said light 
delivery device comprises glass fibers which eliminate cer- 
tain wavelengths of light produced by said light source 

15 before the light reaches the material containing monomers. 

***** 
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layer in which spatial distribution of refractive index 
is controlled by extent of optical material curing 

Abstract (Basic) : 

modifying device has a layer of optical material comprising a 
monomer and at least one polymerization initiator. The spatial 
distribution of the refractive index over a predetermined area of the 
layer is controlled by the extent of curing of the optical 
material at each sub-region inside the area. 

desired refractive index profile, and to provide for an active 
monitor and control of the curing of each sub-region of the 
wavefront aberrator. . . 

...layer, and the epoxy layer formed within the circular barrier confining 
the epoxy within a predetermined volume and having a variety of 
refractive index profiles between different sub-regions, and a 
. cross-sectional view of the wavefront aberrator showing the positioning 
of . . . 

Technology Focus: 



. T. comprises transparent plates, a barrier (108) between the plates 

which confine the epoxy within a predetermined volume, a light 
emitting diode* (LED) array panel having several LED elements, a 
control unit which controls the emission intensity and irradiation 
duration of each*. . . 

...a de-magnifier which images a predetermined area of the array panel on 
to a predetermined area of the epoxy layer, a radiation source 
which emits radiation with at least one wavelength within the 
absorption band of the polymerization initiator, initiating a 
polymerization process, a spatial light intensity modulator, a 
laser unit, a beam scan unit scanning independently in two 
dimensions addressing any predetermined location at the epoxy 
layer, an intensity control for the laser unit to control the... 

...the spatial distribution of the radiation intensity transmitting through 
the wavefront modifying device and a computer in a feedback loop 
for monitoring the radiation intensity and controlling curing by 
controlling the intensity and duration of the radiation exposure. The 
optical material which comprises epoxy is contained between the 
transparent plates. Curing of the epoxy layer is controlled by 
irradiating the epoxy layer with the LED array panel and by controlling 
the spatial distribution of the irradiation intensity and exposure 
duration, Curing is achieved by directing the beam of laser at a 
* predetermined arfca of epoxy layer... 
•...Title Terms: CURE 

Manual Codes (EPI/S-*X) : T01-E05A. . . 
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(57) 



ABSTRACT 



The wavefront aberrator of the present invention includes a 
pair of transparent windows, or plates, separated by a layer 
of monomers and polymerization initiator, including a broad 
class of epoxies. This monomer exhibits a variable index of 
refraction across the layer, resulting from controlling the 
extent of its curing. Curing of the epoxy may be made by 
exposure to light, such as ultraviolet light. The exposure to 
light may be varied across the surface of the epoxy to create 
a particular and unique refractive index profile. 
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phonium benzophene salts, aryl tert-butyl peresters, 
titanocene, or NMM may be used. 

[0028] In the present invention, a light source containing 
a particular wavelength irradiates the monomer layer which 
activates the photo-initiator and begins the curing process 
within the epoxy. The curing process results in a correspond- 
ing change of the index of refraction within the resin. 
However, it is also to be appreciated that terminating the 
exposure to the particular wavelength of light ceases the 
curing of the epoxy, and ceasing the change of the index of 
refraction exhibited by the epoxy. In this manner, a aberrator 
100 of the present invention may be formed by exposing 
certain portions of the resin 104 to a light source which 
varies with time 'and position, resulting in an aberrator 
having a varied index of refraction across its surface. 

[0029] From FIG. 2, a variety of refractive index profiles 
are shown to be formed in resin layer 104. More specifically, 
different refractive index profile is illustrated by regions 110, 
112, and 114, such that aberrator 100 includes three (3) 
distinct levels of refractive index. 

[0030] Jt is to be appreciated that the incorporation of 
three (3) different levels of refractive index in FIG. 2 is 
merely exemplary, and the present invention contemplates 
the incorporation of any number of refractive index profiles, 
and that those different profiles may be formed within epoxy 
layer 104 to have virtually any shape or local curvature. 
Moreover* the epoxy layer 104 may be considered to be an 
array of pixels, such as pixels 109, 111, 113, which may each 
be selectively illuminated and cured to exhibit a particular 
index of refraction. 

[0031] Referring now to FIG. 3, a cross-sectional view of 
the wavefront aberrator of the present invention taken along 
line 3-3 of FIG. 1 is shown. Epoxy layer 104 is sandwiched 
between the upper transparent cover 106 and the lower 
transparent cover 102, and held in place by barrier 108. The 
enclosed volume of epoxy layer 104 is determined by the 
size of the barrier 108, and the distance between the upper 
transparent cover 106 and the lower transparent cover 102. 
In a preferred embodiment, the thickness 116 of the epoxy 
layer 104 is approximately 0.005 inches (0.125 mm), and the 
thicknesses 118 of the upper transparent cover 106 is 
approximately 0.025 inches (0.625 mm), and the thicknesses 
120 of the lower transparent cover 102 is approximately 
0.025 inches. 

[0032] In a preferred embodiment, upper transparent cover 
106 and lower transparent cover 104 are formed from a rigid 
transparent material, such as glass or plastic. While glass 
provides a stable platform for the formation of the refractive 
index profile, such rigidity is not necessary. In fact, covers 
102. and i06 may be made from a flexible material, such as 
a transparent polymer. A suitable transparent polymer may 
include, but not be limited to, mylar film, polycarbonate 
film, or acetate film. Use of such materials results in a 
flexible aberrator having a distinct refractive index profile. 

METHODS OF MANUFACTURING 

[0033] Referring to FIG. 4, a system for manufacturing 
the wavefront aberrator of the present invention is shown 
and generally designated 130. System 130 includes a light 
emitting diode (LED) array panel 132 having a number of 
diodes 135, 137, separated from adjacent diodes by a 



distance 134, and controlled by a computer 136 through 
interface 138. In a preferred embodiment, the distance 134 
between diodes 135 and 137 varies, and may typically be 
approximately 0.125 inches (3.175 mm), though alternative 
distances may be used. A diffuser element 140 may be 
placed between LED array panel 132 and wavefront aber- 
rator 100 to diffuse the fight emitted by the LED array panel 
132 to create a smoother refractive index profile. 

[0034] In operation, once a desired refractive index profile 
is determined, computer 136 determines a particular pattern 
to be illuminated in the LED array panel 132 thereby 
generating a curing pattern which is directed through dif- 
fuser element 140 onto a aberrator 100. By selectively 
illuminating particular LEDs 135 and 137, for example, 
within the LED array panel 132, the epoxy (not shown this 
Figure) is selectively cured. This selective curing creates a 
pre-determined, particular refractive index profile corre- 
sponding to the time of exposure of the epoxy as well as the 
intensity of the exposure. This selective curing results in an 
aberrator with areas having different indices of refraction. 
Thus, by varying the intensity and period of illumination of 
LEDs 135 and 137, for example, the aberrator may be 
formed to exhibit the desired refractive index profile. 

[0035] Referring now to FIG. 5, a system for manufac- 
turing the wavefront aberrator 100 of the present invention 
is shown in a side view and generally designated 150. 
System 150 includes an LED array panel 132 where each 
LED 151 generates a light beam 154 having an diverging 
angle 152, and the LEDS collectively generate a curing 
pattern which is directed through a demagnifier imaging 
element 156 which focusses the curing pattern into light 
pattern 158 and onto a wavefront aberrator 100 to cure the 
epoxy (not shown this Figure) within the aberrator 100 to 
create a particular wavefront profile as shown in FIG. 2. 
Alternatively, the curing pattern can be magnified, instead of 
demagnified, to produce a larger area aberrator device. 

[0036] FIG. 6 depicts a system for manufacturing the 
wavefront aberrator 100 of the present invention and is 
generally designated 170. System 170 includes a light 
source 172 adjacent a diffuser 174 which smooths the light 
beams 178 and creates uniform intensity light rays 180. 
Light rays 180 pass through a computer controlled LCD 176 
which acts as a spatial light intensity modulator and gener- 
ates a curing pattern 182 such that when the LCD is exposed 
light rays 180 from fight source 172, light corresponding to 
the curing pattern 182 is transmitted through the LCD 176 
and onto the wavefront aberrator 100 to create a particular 
refractive index profile 184. 

[0037] In a preferred embodiment, light source 172 of 
system 170 is a constant fluence light having a constant 
intensity across the illuminated surface of the light. For 
example, light source 172 may contain an array of LEDs, or 
any other suitable source of illumination. The optical trans- 
missive properties of the LCD can be controlled by applying 
a variable electrical voltage to an array of electrodes on an 
LCD device. This provides for the spatial and temporal 
variation of the intensity of light transmitted through the 
LCD device to selectively cure the resin 104 in the aberrator 
100. 

[0038] As an addition to system 170, a detector 185 may 
be placed beneath aberrator 100 to detect the transmitted 
image 186 through aberrator 100. A feedback interface 188 
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may connect sensor 185 to computer 189, which may in turn 
control LCD panel 176. In this manner, a refractive index 
profile may be determined in the computer 189, imple- 
mented in the LCD 176, and verified in sensor 185, thereby 
ensuring the appropriate wavefront profile was created in 
aberrator 100. Sensor 185 may include a intensity imager, 
such as a CCD or a wavefront sensor, such as a Shack- 
Hartmann sensdr. 

[0059] Although panel 176 is discussed above as a LCD 
panel, an alternative embodiment could incorporate a pho- 
tographic negative or positive that may be used to form the 
refractive index profile 184 in aberrator 100. In this manner, 
light source 172 would present a constant source of illumi- 
nation, and the photographic negative or positive containing 
the refractive index profile 182 would control the spatial and 
intensity .level of illumination reaching aberrator 100 to 
create the proper refractive index profile 184. 

[0040] Referring now to FIG. 7, an alternative system for 
manufacturing the wavefront aberrator 100 of the present 
invention is shown and generally designated 190. System 
190 includes a beam scan unit 195 having a laser unit 
191generating a laser beam 193 which forms a point light 
source ("spot") 192 on aberrator 100 which may include a 
laser intensity control (not shown). Spot 192 is moved across 
the surface of the aberrator 100 in a rastering path shown by 
dashed lines 194, 196, and 198, at varying speeds and with 
varying intensities to selectively cure the epoxy 104 to 
create a particular refractive index profile 212 having areas 
214, 215, and 216, with different indices of refraction. 

[0041] Alternatively, a spot 200 may be formed and 
moved across aberrator 100 in paths 202, 204 and 206. Yet 
another alternative method of forming refractive index pro- 
file 212 includes the formation of spot 210 in the center of 
aberrator 100, and movement of the spot along an outwardly 
spiraling path 212. Also, a particular refractive index profile 
212 may be traced, or circumscribed in a predetermined 
area, by laser beam 193 directly forming the boundaries 
between the areas 214, 215, and 216, for example. In an 
alternative embodiment, laser beam 193 may remain sta- 
tionary and the aberrator device 100 may be moved relative 
to the lasar beam 193 such that the spot 210 moves across 
the surface of the aberrator. Specifically, aberrator 100 may 
be moved in directions 220 and/or 222 to move the spot 210 
across the surface of the aberrator. 

ALTERNATIVE EMBODIMENTS 

[0042] FIG. 8 is a side view of an alternative embodiment 
of the wavefront -aberrator 100 of the present invention 
incorporating a transparent cover 232 formed in the shape of 
a lens having a face 233 showing a lens with position 
focusing power. Alternatively, a lens with negative focussing 
power and with cylindrical (astigmatism) power may also be 
incorporated. Sandwiched between face 233 and a transpar- 
ent cover 236 is a layer 234 of index-changing epoxy. 
Transparent cover 232 has a spherical refractive surface 238 
which functions an optical element. Thus, the cover 232 in 
combination with epoxy layer 234, provides for an optical 
element having both focusing and wavefront phase profile 
characteristics. 

[0043] An alternative embodiment of the wavefront aber- 
rator of the present invention is shown in FIG. 9 and 
generally designated 240. Aberrator 240 includes an upper 



transparent window 242 and an adjacent layer 244 of 
index-changing epoxy. A lower transparent window 246 
(shown in dashed lines) is formed from a dissolvable salt. 
Once the refractive index profile has been formed in the 
layer 244 of epoxy, the salt window 246 may be dissolved. 
The dissolving nature of window 246 provides for an 
exposed epoxy layer facilitating post curing treatment of the 
epoxy, if necessary. Alternatively, windows 242 and 246 
may be made of organic materials which are dissolvable in 
organic solvents. 

USES FOR THE PRESENT INVENTION 

[0044] The present invention may be used to correct 
aberrations in virtually any optical system. For instance, the 
present invention may be particularly useful to correct 
inherent static aberrations in optical imaging systems, such 
as telescopes, binoculars, or microscopes. The present 
invention may also be particularly useful by incorporating 
aberration corrections into eyepieces of optical systems such 
as telescopes, binoculars, or microscopes. 

[0045] The aberrator of the present invention may also be 
used to correct static aberrations in laser beams or associated 
optics for use in laser ranging, detection, scanning, commu- 
nication, or tracking instruments. This listing of uses for the 
present invention is merely exemplary, and is not intended 
to limit the scope of the invention whatsoever. 

[0046] While there have been shown what are presently 
considered to be preferred embodiments of the present 
invention, it will be apparent to those skilled in the art that 
various changes and modifications can be made herein 
without departing from the scope and spirit of the invention. 

I claim: 

1. A wavefront modifying device, comprising: 

a layer of optical material comprising a monomer and at 
least one polymerization initiator, wherein the spatial 
distribution of the index of refraction over a predeter- 
mined area of said layer is controlled by the extent of 
curing of the optical material at each sub-region inside 
the area. 

2. The device in claim 1, further comprising transparent 
plates wherein said optical material is contained between 
said plates. 

3. The device in claim 2, further comprising a barrier 
between said plates confining said epoxy within a predeter- 
mined volume. 

4. The device in claim 1, further comprising a LED array 
panel having a plurality of LED elements, wherein curing of 
said epoxy layer is controlled by the irradiating of said 
epoxy layer with said LED array panel. 

5. The device in claim 4, further comprising a control unit 
controlling the emission intensity and irradiation duration of 
each LED elements in the LED array panel. 

6. The device in claim 5, further comprising a de-mag- 
nifier, imaging a predetermined area of the LED array panel 
onto a predetermined area of the epoxy layer. 

7. The device of claim 1, further comprising a radiation 
source emitting radiation with at least one wavelength 
within the absorption band of the polymerization initiator, 
initiating a polymerization process. 

8. The device of claim 1, further comprising a spatial light 
intensity modulator, wherein curing of the epoxy is con- 
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trolled by controlling the spatial distribution of the irradia- 
tion intensity and exposure duration. 

9. The device of claim 8, wherein the spatial light inten- 
sity modulator is ehosen from a list comprising: (a) LCD 
array panel, or (b) photographic film, or (c) film with a 
printed profile for transmitting the irradiation source. 

10. The device of claim 1, further comprising a laser unit 
wherein curing is achieved by directing the beam of the laser 
at a predetermined area of epoxy layer. 

11. The device of claim 10, further comprising a beam 
scan unit scanning independently in two dimensions 
addressing any predetermined location at the epoxy layer. 

12. The device of claim 11, further comprising an inten- 
sity control for the laser unit controlling the intensity and 
irradiation duration. 

13. The device of claim 1, further comprising a radiation 
intensity monitor unit measuring the spatial distribution of 
the radiation intensity transmitting through the wave front 
modifying device. 

14. The device of claim 13, further comprising a computer 
in a feedback loop, monitoring the radiation intensity, and 



controlling curing by controlling the intensity and the dura- 
tion of the radiation exposure. 

15. The device in claim 1, wherein said optical material 
comprises epoxy 

16. The device of claim 2, wherein one of the transparent 
plate has refractive power which can be either positive 
power, or negative power, with or without cylindrical power. 

17. The device of claim 2, wherein the plate can be either 
rigid or flexible. 

18. The device of claim 2, wherein the plate is comprised 
of salt or other material which is removable by dissolving. 

19. A wavefront aberrator, comprising: 

a first transparent cover; 
a second transparent cover; 

a layer of epoxy positioned between said first transparent 
cover and said second transparent cover and the layer 
having a pre-determined refractive index profile. 

***** 
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Abstract (Basic) : 

The method employing a deflected-beam, computer 
-controlled laser source is flexible and readily and easily adapts to 
the formation of various... 
Technology Focus: 

POLYMERS 

...Preferred Method: The laser radiation has a wavelength strongly 
. absorbed by at least one component of the cover. The mark is formed 
without significant discoloration of the cover. The laser radiation has 
a wavelength in the infrared waveband of 9 - 11 (preferably 
10.6) microns. The laser radiation is... 

...detectable mark, The step of directing the beam of laser radiation is 
controlled by a computer programmable so as to direct the laser 
beam according to a predetermined pattern and according. . . 

...Preferred Components: The cover comprises polyurethane, which is 
a product of the reaction between a polyurethane 
prepolymer and a curing agent with the 



polyure thane prepolymer being a product formed by the 
reaction between a polyol and a diisocyanate . The prepolymer is 
product formed by the reaction between 4, 4 1 -diphenylmethane 
diisocyanate and a polyether type polyol and the curing agent is 
polytetramethyleneoxide-di-p-aminobenzoate . 



4B/3,K/24 (Item 24 from file: 350) Links 
Derwent WPIX 

(c) 2006 Thomson Derwent. All rights reserved. 



015342477 **Image' available** • 

WPI Acc No: 2003-403415/200338 

XRPX Acc No: N03-32T726 

Database for storing information used in designing 
photocuring system includes two or more element type fields having 
list of elements stored with respective wavelength response 




DANNER J S 
D (OXMA-I); 



( DANN-I ) ; 



Patent Assignee: 3M INNOVATIVE PROPERTIES CO (MINN ); 

KALGUTKAR R (KALG-I); MAHONEY W S (MAHO-I); OXMAN J 

PALAZZOTTO M C (PALA-I); ZITZER N J (ZITZ-I) 
Inventor: DANNER J S; KALGUTKAR R; MAHONEY W S; OXMAN J D; PALAZZOTTO M C; 

ZITZER N J 

Number of Countries: 102 Number of Patents: 005 
Patent Family: 

Date 
20030501 

20030501 
20030506 
20041103 



Patent No 
WO 200336516 
US' 20030083753 
AU 2002359258 
EP 1472618 



Kind 
A2 

Al 
Al 
A2 



JP 2005524885 W 20050818 



Applicat No 
WO 2002US32568 

US 200114390 
AU 2002359258 
EP 2002793781 
WO 2002US32568 
WO 2002US32568 
JP 2003538935 



Kind 
A 
A 

A 
A 
A 
A 
A 



Date 
20021011 

20011022 
20021011 
20021011 
20021011 
20021011 
20021011 



Week 
200338 

200340 
200460 
200472 



B 



200555 



.Priority Applications (No Type Date 
Patent Details: 

Patent No Kind-Lan Pg Main IPC 
WO 200336516 A2 E 80 G06F-017/30 
Designated States (National) : AE 
CH CN CO CR CU CZ DE DK DM DZ EC 
IS JP KE KG KP KR KZ LC LK LR LS 
OM PH PL PT RO RU SD SE SG SI SK 
ZA ZM ZW 

Designated States (Regional) : AT 
GH GM GR IE IT KE LS LU MC MW MZ 
US 20030083753 Al G06F-007/00 
AU 2002359258 Al G06F-017/30 
EP 1472618 A2 E G06F-017/30 
Designated States (Regional) : AL 
, GR IE IT LI LT LU LV MC MK NL PT 
JP 2005524885 W 50 G06F-017/60 



: US 200114390 A 20011022 

Filing Notes 

AG AL AM AT AU AZ BA BB BG BR BY BZ CA 
EE ES FI GB GD GE GH GM HR HU ID IL IN 
LT LU LV MA MD MG MK MN MW MX MZ NO NZ 
SL TJ TM TN TR TT TZ UA UG UZ VC VN YU 

BE BG CH CY CZ DE DK EA EE ES FI FR GB 
NL OA PT SD SE SK SL SZ TR TZ UG ZM ZW 

Based on patent WO 200336516 
Based on patent WO 200336516 

AT BE BG CH CY CZ DE DK EE ES FI FR GB 

RO SE SI SK TR 
Based on patent WO 200336516 



Database for storing information used in designing 

photocuring system includes two or more element type fields having 
list of elements stored with respective wavelength response 



Abstract (Basic) : 

The database comprises two or more element 
type fields, selected from a list of photocuring system 
elements e.g. substrates, photoinitiators, light sources, sensitizers 
UV stabilizers, pigments and dyes and which include for each element 
name and a representation of a wavelength response. 

Elements can be selected (525) from the database 
and visual comparisons of wavelength response can be displayed 
(535... 

...a) A method of optimizing the performance of a light 
curing polymer system. . . 

. . .b) A method for designing photocuring systems... 

.:.For use in designing a photocuring system, such as might be used 

in graphic 'arts imaging, printing plates, photoresists, solder masks, 
coated abrasives; magnetic media, photocurable adhesives, 
photocurable composites, coatings, foams, shaped articles, 
caulking and sealing compounds, potting and encapsulated compounds, 
impregnating and. . . 

. . .By categorizing wavelength response regions within the 
wavelength response information, components of a 
photocuring system can be selected so that overlap among 
wavelength response of system elements can be assured and a 
working photocuring system thereby designed. . . 

...and fig. 4B are a flow chart of a process of picking elements for a 

photocuring system. . . 
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